The purpose of this study was to investigate the effect of different temperatures on the efficacy of polymerization during the insertion of composite resin using different light curing units.
Introduction
Along with the advancement of composite resin materials, light sources and light curing techniques for composite resins have improved remarkably. Light-emitting diodes (LEDs) have been introduced for curing dental composite and to overcome drawbacks of the conventional quartz-tungsten halogen lights (QTH) such as: the temperature increase during polymerization which might affect pulp vitality and the progressive degradation of the performance of the bulb which might affect the physical properties of the restoration.
1,2 A LED light emits a narrow spectrum of light at (450-500 nm) with a peak close to the peak of absorption of camphoroquinone, which is the most common photoinitiator used in dental composites (470 nm). 3 Therefore, no filter is required as with QTH lights which emit a wide spectrum of light. 4, 5 High intensity light sources have reportedly improved the immediate depth of cure as well as the physical and mechanical properties of composite restorations. 6, 7 However, their use has been reported to result in high polymerization shrinkage stresses. 7, 8 Several curing protocols have been suggested to reduce composite shrinkage stress that can disrupt the bond to the cavity wall. The so-called "soft-start polymerization" characterized by using an initial low-power intensity of the curing light followed by higher-power intensity has been advocated to minimize internal stresses in composite and improving its marginal adaptation. 9, 10 This initial low-light intensity could facilitate a certain degree of polymer chain reaction so a portion of shrinkage stress relaxes while the resin reaches its final hardening. 11, 12 Soft-start curing is claimed to partially relieve shrinkage stress and achieves an improved integrity of the composite/tooth interface without compromising the final double-bond conversion or mechanical properties of the cured composite. 12 However, other studies found the effectiveness of the cure at the bottom surfaces of composite resin was significantly affected when soft-start polymerization regimens were used. 13 The hardness of composite resin materials is influenced by several factors, such as organic matrix composition, 14 type of the filler particles, 15 and degree of conversion. 16 For many years, dentists were often asked to refrigerate their composite material until immediately before use. Although some studies found no adverse effects from using materials directly from refrigerated storage, 17, 18 others found this to probably be the worse possible course of action. 19, 20 On the other hand, the warming of composites to body temperature, or somewhat higher, immediately before placement has been shown to improve composite properties and reduce curing time. 21, 22 Insertion temperature has been found to have an influence on the hardness of composite. The Vickers' hardness of restorations inserted with the composite resin pre-warmed to 3 degrees warmer than body temperature (40ºC) was found to be significantly harder than the composite resin inserted at room temperature. 23 Moreover, Trujillo et al. 24 found an elevated temperature of composite resin during photopolymerization resulted in substantially higher immediate and final conversion values of all composite resin materials tested in their study along with a concomitant improvement in fracture resistance and a 50% or more reduction in curing time. Holmes et al. 25 also found the film thickness of microhybrid composite resin decreased by approximately 30% when the material was heated to 54ºC. Thus, it is possible to use a highly filled pre-warmed packable hybrid composite at gingival margins in a deep restoration while eliminating poor marginal adaptation.
The aim of this study was to test the effect of different composite resin temperatures (body temperature at 37ºC, refrigerated to 5ºC, and room temperature at 25ºC) on the efficacy of polymerization using a conventional QTH curing light in two modes (continuous and soft-start polymerization) and a LED curing light. The effectiveness of cure was assessed by measuring the top and bottom surface hardness of 2 mm composite specimens after curing.
Methods and Materials
The material tested in this study was shade A2 of the 3M/ESPE Z250 microhybride restorative composite resin. Specimens of the restorative were fabricated from the material stored at three different temperatures as follows:
1. Refrigerated Z250. The composite material was subdivided into equal small increments and placed in small, well sealed, light-safe containers to prevent temperature variation in the refrigerated group at sample preparation time. These containers were stored in a refrigerator at 5ºC for 24 hours before sample preparation. 2. Pre-warmed Z250. Other composite resin compoules were pre-warmed to 37ºC using a Calset Unit 21 composite warming unit (AdDent, Inc., Danbury, CT, USA) in which the compoules are heated to a desired temperature. 3. Room Temperature Z250. More of the composite material was stored at room temperature (25ºC).
Fifteen disc specimens for each temperature group of Z250 listed above were then fabricated using silicon Teflon ® mold split rings (8 mm internal diameter and 2 mm thickness). The mold was placed on a transparent matrix strip and glass slide. The restorative material was injected into the mold then the filled mold was covered with a second transparent matrix and light pressure was applied to expel excess material. Five specimens from each temperature group were then polymerized with one of the following lights: The light intensity of the curing units was measured using a radiometer before use. The set discs were then separated from the mold, and the excess material was removed with a scalpel blade. All specimens were then immersed in distilled water for 24 hours.
The surface hardness of the specimens was determined using a Buehler Micromet II Digital Microhardness Tester with a Vickers diamond indenter attached. A load of 300 g was applied to the surface of the specimens for 12 seconds. Three indentations equally placed over a circle and not closer than 1 mm to either adjacent indentations or to the margin of the specimens were made on the surface of each specimen. Data was statistically analyzed using SPSS software (SPSS Inc., Chicago, IL, USA). A two-way analysis of variance (ANOVA) was used to determine any significant difference in the hardness values of the composite resin temperature and the curing method. The Post Hoc Tukey's test at 0.05 significance level was also used to make comparisons between different groups.
Results
The mean Vickers microhardness values for top and bottom surfaces of the composite specimens resulting from the use of different curing methods on specimens made from composite resin at three different temperatures are summarized in Table 1 and Figures 1 to 3 .
The two-way ANOVA revealed significant differences in the hardness values based on composite temperature (p= 0.000) and curing method (p= 0.000). As composite resin temperature increased, microhardness of the top and bottom of the specimens also increased regardless of the polymerizing light used to cure the material. A LED light produced significantly better hardness values on top and bottom surfaces of the composite resin specimens polymerized at the three different temperatures.
On the other hand, soft-start produced significantly the lowest hardness values on top and bottom surfaces of all specimens. The different lights produced significantly harder top surfaces than bottom surfaces of all samples at the different temperatures. However, there was no significant difference in microhardness between top and bottom surfaces of refrigerated composite polymerized with the soft-start technique (P=0.350). Also, no significant difference between top and bottom surfaces of composite resin polymerized was found on composite material cured at 37ºC using conventional QTH and LED (P>0.05).
Discussion
The effectiveness of composite cure may be assessed by direct and indirect methods. Direct methods such as Raman laser and infrared spectroscopy are not used routinely as they are complex, expensive, and time consuming. 26 Indirect methods such as surface hardness are more commonly employed. 26, 27 Hardness is the resistance of material to indentation and it through the composite the light intensity is greatly reduced due to light scattering which deceases the effectiveness of cure at the bottom surface. Nevertheless, preheated composite resin cured by conventional QTH and LED in this study showed no difference in microhardness between top and bottom surfaces which indicates composite temperature has an influence on its final polymerization. Preheated composite resin cured using the soft-start technique showed significantly higher top and bottom hardness values than composite resin at the other two temperatures cured by the same light. However, these values were significantly lower than the specimens cured by the QTH and LED lights. Regardless of composite resin temperature Yap 13 found the soft-start polymerization technique may reduce the effectiveness of cure at bottom surfaces of composite resin. Using initially low intensity 200 mW/cm 2 for ten seconds appeared to minimize the compensatory effects of high light intensities. 7 Polymerization of resin associated with the initial cure may be sufficient to interfere with light transmission and severely decrease the amount of light reaching the bottom surface of composite restorations. 7 Although the LED light in this study was applied for a shorter time than the QTH light, it was more effective than the conventional QTH curing unit in polymerizing top and bottom surfaces of all composite specimens regardless of their temperatures. This finding is consistent with the findings of previous investigations. 35, 36, 37 Halogen light curing units produce a wide spectral emission, including light in the visible spectrum, and then uses filters to eliminate all wavelengths except blue light. 4 Therefore, some of the emitted photons might be out of the spectrum of absorption of the camphoroquinone photoinitiator and the triplex state of the camphoroquinone might not be fully activated. 4 On the other hand, LED lights emit a narrow wavelength spectrum and have a specific energy density for camphoroquinone. 3 A short irradiation time combined with a high, uniform conversion and low stress is desirable in clinical practice. Practitioners are faced with the dilemma of improving the degree of conversion worsens marginal continuity. It must be emphasized energy is attenuated in deeper correlates well to the material's strength and rigidity. 28, 29 Vickers hardness testing was selected for this study because of its relative simplicity and favorable correlation to the degree of conversion using infrared spectroscopy. 26, 27 Asmussen 27 and Ferracane 16 found a correlation between the increase in surface hardness and an increase in the degree of conversion of resin materials. Materials with low surface hardness contain a high amount of unreacted methacrylate groups. 30 The three light sources used in this study were selected to represent different light intensities that might help to fully cure deeper areas of composite resin specimens at their different temperatures. The best surface hardness (top and bottom) in this study were obtained using pre-warmed composite resin at 37ºC using the three different curing lights. On the other hand, the lowest surface hardness (top and bottom) resulted from using refrigerated composite resin. Freedman et al. 21 stated the use of pre-warmed composite resin will enhance the physical properties of the final restoration, reduce polymerization time, and increase the degree of conversion. A substantial increase in the degree of polymerization 31 and surface hardness 32 of extraorally fabricated inlays and onlays has been reported when heat curing in addition to visible light curing was used.
Ideally, the degree of polymerization of composite should be the same throughout its depth and the hardness ratio between top and bottom surfaces should be very close or equal to each other. 33 The results of this study showed refrigerated or room temperature composite resin cured by the different curing lights had significantly lower hardness values on bottom surfaces than top surfaces. Ruyter et al. 34 found as light passes areas of the restoration, thus, full conversion can be at risk. 38 Therefore, the use of prewarmed composite resin might help improve conversion, especially at the deeper areas of the restoration, which improves its physical properties and reduces its film thickness. Thus, it is possible to use pre-warmed hybrid, or packable composite, at the gingival margin to achieve better marginal adaptation and to attain better and faster conversion in areas where isolation control is not optimal. Finally, elevating composite resin temperature during polymerization will reduce curing time, consequently, saving chair time. A concern might arise regarding the effect of using high temperature composite on the dental pulp causing iatrogenic damage. However, the maximum intrapulpal temperature rise from the application of composite resin heated to 57.2ºC was approximately 1.6ºC which is well within the pulp tolerance of more than 10ºC.
39
Further investigation is needed to study the effect of different composite temperatures on tooth/ restoration marginal integrity using different curing methods.
Conclusion
Within the limits of the present study the following can be concluded:
• As composite resin temperature increased, the microhardness of the top and bottom of specimens increased regardless of curing light used.
• LED light produced significantly the best microhardness of the top and bottom surfaces of the composite resin specimens polymerized at the three different temperatures and in less time.
• The soft-start polymerization technique produced significantly lower top and bottom surface hardness values of all specimens.
